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In Africa, floodplainsoftencoverenormousareas.Theyrepresenta formidabledry seasonrefugefor the
indigenousflora andfauna,butatthesametimetheyhavea largepotentialfor theintensive,highlyproductive
agricultureandhydropowerproductionsodesperatelyneededin Africa. The maintopographicfeaturesof the
largerfloodplainsarereviewedin thispaper,alongwith ageneralinsightintowaterrelations,nutrient
dynamics,productivity,speciesdistributionandchangesin vegetationinducedbypresentmanagement
practice.The questionis raisedof whetherfloodplainswill survivein thefaceof development,andacall is
madefor alternativemanagementstrategies.
INTRODUCTION
The inlandwaterhabitatsof Africa makeupabout450,000km2of thecontinent(fable 1). These
habitatsincludeseasonallyinundatedwetlands,suchasswampforest,peatland,mangroveswamp,
inlandherbaceouswampandfloodplain,aswell aspermanentwaterhabitats.The habitatof most
concerntoushereis thefloodplain,whichis anyregionalongthecourseof ariverwherelarge
seasonalvariationin rainfallresultsin overbankfloodingintothesurroundingplains. Someof
thesefloodedplainsareenormousandareequalin sizeto theworld's largeslakes(fables 1& 2).
In African floodplainsthetypicalcomplexvegetationmosaicis mostobviousfromtheair,because
theyoftencoverenormousareas,stretchingoutasfarastheeyecansee.
In thispaperI canonly touchbrieflyon themoreimportantaspectsof floodplains. In Africa
theydefy intensivestudyfor a numberof reasons,consequentlythispapermustberegardedonlyas
areview. I hopeit will providesomefoodfor thoughtanda basisfor futureresearch.
• Presentaddress:AFR/ARTSIFARA, Room2941,Depl of State,WashingtonDC 20523,
U.S.A.
The viewsandopinionsexpressedherearestrictlythoseof theauthor,andin no wayshouldtheybeinter-
pretedastheviewsandopinonsof theU.S. Governmentor itsofficial agencies.
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Table 1: Largeopenwaterhabitatsin Africa.
Estimatedareabasedon informationin Beadle,(1974)andworldatlases
2
Generalfeatures
Waterbody
Lake Victoria
LakeTurkana
Lake Malawi
Lake Kivu
Lake Chad
LakeTanganyika
Lake Mobutu
Lake Edward
Lake Chilwa
Lake George
Lake Naivasha
Man-madelakes
Totalopenwater
Floodplains
Total waterhabitats
METHODS
75,000
32,500
24,000
16,000
15,000
8,000
4,700
2,250
700
290
240
27,000
205,680
245,075
450,755
The complexityof thevegetationmosaicseenin tropicalfloodplainsis oftentheresultof physical
featuresrelatingto localsubstratumor to theeffectsof topography,whichin turnaffecttheavail-
abilityof waterandnutrients.Thus in ordertounderstandthebasicfunctionsof thefloodplain
systemswe mustfrrstlook attheirgeneralfeatures(seeWelcomme,1979).
Topography
The maintopographicfeatureswithinfloodplainsareeitherdepressions,i.e.waterbodies,or areas
raisedbecauseof deposition,suchassandbarsandmudflats. A typicalfeatureis thelevee,which
is a raisedbermor crestabovethefloodplainsurface.It containscoarsematerialdepositedasthe
flood flows overthetopof thechannelbank(Welcomme,1979).Sutcliffe(1957)describedthe
processwherebya silt-ladenriver,suchastheWhiteNile, descendinganappreciablegradient
buildsupitsownbedandleveesuntil it actuallyflows ata levelabovethesurroundingfloodplain.
As thebedslopeflattensandflow ratesdecrease,suspendedmaterialis depositedmorerapidly,
levoosdecreasein size,andthefloodplainwidens. Depositionis encouragedby vegetationgrow-
ing on thelevees.A goodexampleis seenon theCubangoRiver afterit leavesAngolaandbefore
it enterstheOkavangoDelta(Fig. 1), alsotheupperZaireRiver with itsassociatedvegetation
(Fig. 2). Leveesareseenfurtherdownstreamin theOkavango,andtheyarealsoevidentwherethe
Nile traversestheSudanin theSuddSwampregion. The leveesalongtheNile River in theSudd
regiontraptheannualfloodsin depressionsadjacento theriver. Thesearelocallyknownas
"toiches"(Fig. 3)andarefertile,seasonally-floodedhabitatswhichsupporta widevarietyof plant
andanimalspecies.
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Figure I. Profile of leveeandfloodplain(molapo) alongtheCubangoRiver, Angola
(afterSmith,1976)
Table2:
Major African floo plains( fterWelc mme,1979& Thompson,1985).
Locationnumbersrefertofigure6 Areaof
AreaofRange f
Location
River highwaterlowwater conductance
number
system Region (kml)(km2)(Ju.cm·l)
1
Whit NileSuddRegion,southernSudan92,00010,00020-500
2
Middle CongoZaireandCong 40 5
3
N ger (s etext) 25 985,9831 7
4
C ari ndL k Chadswamps 13 8
Logone
Y eresflo dpl in ~-41-82
Subtotal
9,75
5
Okav ngBotswanain ernaldelta 63,12
6
Kena ukInt rn l elta
in S. Sudan
7
VoltaVolta Swam 8 3
41-124
andOti
i Gha 1J.l.Q
Subtotal
34
8
SenegalMain river s s 4, 672
Delta
ilJ.Jl3
9
Lu laba E Z ir ,Kamulando epression
in theUpembaBasin
17 414 -255
10
Zambcz arotsePlai si Zambia 957- 26
1
pul B ngw ula ,Za bia
12
R fiji Kilomb roar ai Tanzania 65fu fu flats Zambia 6
130-3 0
4
i Nig Ri r flo d l i,8
15
e a i wa p nsi Z mbia 3
6
B ue e u floodpl ini Nig r 1
7
a g sw psN. f Kafu flats,Za bia~
Total rea
2 23 ,430
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Figure 2. Sectionaldiagramof theupperZaireRiver Basin(ShabaProvince,Zaire)showing
typicalvegetationzonationassociatedwith levees(afterThompson,1985)
As thelevelof thefloodplainrisesthroughdeposition,therivereventuallypermanently
breachesthroughsomeoverspillnotchin a levee,usuallyupstream.Flow is thendivertedin a new
directionacrossthefloodplain. This leadstoa complexsystemcontainingnumerouswaterbodies.
Welcomme(1979)distinguishedthefollowing:
Lakes: largefeatureswhichpersistrelativelyunchangedovera numberof years;
Lagoons: waterbodieswhichremainconnectedto theriverthroughoutheyear;
Pools: smaller,moreephemeralbodiesof waterbecomingisolated,dryingout in some
seasons;and
Swamps: depressionswherethesoil remainssaturated,moreor lesspermanentlycoveredwith
water
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CONDITIONS
No floodsspill floodsriver floods
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Figure3. Generalprofileof WhiteNile floodplain
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All thesefeaturescanbeseenin oneportionof a floodplainon theNile in southernSudan
(Fig. 4). Heretwo lakes,LakesNvongandShambe,areseenalongthecourseof themainriver
channel,theBahrelJebel,a branchof theWhiteNile. Perennialpapyrusswampsline theriver
banksaswell aslagoonsandpoolswhichareseenin profusion.
. .
. .
. . .
. .. .
~ Permanentswamp
oShallowflooded
.. ..
.. ....
. .
. .
. . .
. .
. . .
. .. .
DHigh ground(afterWelcomme,1979)
Figure4. Onesectionof theWhiteNile SuddregionbetweenShambeandKongor(680N;30-310E)
Two smalllakes(NuongandShambe)areshownalongwithseveraltowns
The poolsandlagoonsin anAfrican floodplainaredynamicecosystemsin themselves.1beir
physicalfeatureschangedramaticallywiththewetanddry seasonswhentheyofteneitherdryup
or fill up. This is clearlyseenin a sequenceshownfor theSenegalRiver (Fig. 5),basedon
Reizer's(1974)work,whereheshowsa floodingsequencewhichleavesbehindonlyonelarge
lagoon,VindonEdi Lagoon,whichpersistsfor sometime.
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Figure5. Annualfloodingcycleof SenegalRiver floodplain(afterReizer,1974)
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African floodplainsof 1,000kms-2or morearelistedin Table2 andlocatedonFig. 6. The largest
areinternaldeltaswhichoccurwhenariversystemencountersomegeologicalbarriercausing
lateralspreadoververylargealluvialplains. Goodexamplesare:theSuddregion(Fig. 4), Yaeres
Floodplain(Figs 7 & 8),NigerCentralDelta(Fig. 9), andtheOkavangoDelta(Fig. 10). The total
areaof thesemajorfloodedwetlands,290,000km2is reducedduringlow waterperiodsby approxi-
mately85%toonly about43,500km2, butasThompson(1985)pointsout,thetotalareasflooded
eachyearin continentalAfrica will bedifficult tocalculate.If thecountlesssmallerregionsare
included,theestimatedtotalwouldgreatlyexceedthebelowfigure.
Figure6. Sketchmapof Africa showingthelocationof majorfloodplainregions.Main African
herbaceouswetlandsandwaterbodieslocatedasfollows:
1.SuddSwampsof UpperNile; 2.Middle CongoSwampRegion;3.Niger CentralBasin;4. Lake
TchadBasinandYaeresFloodplain;5.OkavangoDelta;6. KenamukeSwamp,Sudan;7. Volta
River; 8.SenegalFloodplain;9. UpembaBasin,LualabaRiver, 10.BarotsePlains; 11.Laupula
Floodplain,BangweulaSwamp;12.Rufiji KilomberoSwamp;13.KafueFloodplain;14.Niger
River Floodplain;15.Luiwa Floodplain,Zambia;16.BenueFloodplain;17.LukangaSwamps.
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Figure7. YaeresfloodplainontheChariandLogonerivers(afterCarmouzeetai.,1983)
Waterandnutrients
Waterrelations
Whendealingwith suchenormousregionsin remoteareaswhereonly spotmeteorologicalrecords
areavailable,only roughestimatescanbemadeof waterrelations.In largewetregions,thewater
balancewouldbecomplicatedby localclimaticconditions.Welcomme(1979)notedthatprecipi-
tationon thefloodplainitselfsaturatesthesoil,causinglocal floodingwhichoftenprecedesthe
mainoverspillflood fromtheriver. This is dramaticallytruein theSuddregionwheretherainfalls
on impervioussoil on eithersideof theriverandthendrainstowardthechannel.Extensive
floodingmaybeevidentevenbeforetheannualriver floodoccurs,
The inundationof theupperChariBasinandmostotherfloodplainssuchasthoseof theNiger,
Lualaba.Zambezi,Volta.SenegalandKafue, followssimilarpatterns.However,thereareexcep-
tionsto thegeneralrule. In theOkavangoDelta,peakrainfallcoincideswithperiodsof low water
andhighevaporationin thefloodplain;also,localrainfallis soerraticthatnoregularfloodplain
saturationmayoccurbeforetheannualriverflood. The waterdeficitheremaybesolargethaton
occasionno watercomesoutof thesystem.
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Figure8. Yaeresfloodplainshowingannualfishmigrationroutes(afterWelcomme,1979)
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Figure9. Internaldeltaof theNigerRiver showingnumerouslakeswithinthesystem
(afterWelcomme,1979)
Severalworkersconcurthatin Africa theevaporationratein floodplainsexceedsprecipitation
andin generala waterlosscanbeexpectedduringriverpassagethrougha floodplain(Table3).
This loss,46-96%is duetoevaporationfromopenwater,evapotranspirationfromemergent
vegetation,andseepageloss. However,in mostareasit is difficult toconceiveof seepagelossas
beingsignificantbecausethefineclaydepositstypicalof floodplainarcaswouldseemtoactasa
naturalbarriertogroundwaterloss. It is truethatin someareas,suchastheOkavangoorChari
regionssanddepositsaremoreprevalentandthesewouldbeconducivetogroundwaterloss,and
suchgroundwaterlossdoesoccurin theOkavangoregionwherethewatertablesslopeawayfrom
themainflow channels.Waterandmineralbalancestudiesin theLakeChadregionalsopointto
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about8% seepagelossin thesandysubstratain thesouthernpartof thelake(Cannouzeel al.. 1983).
In manyareas,includingLakeChad,theunderlyingsubstrateis a mudorcompactedclay,or the
surroundingsoilmaybesoimpervious,asin southernSudanthatwaterremainsonthegroundafter
rain,slowlymovingdownslope,a phenomenonreferredtoas"creepingflow" by localhydrologists.
Evaporationandevapotranspiration(E1) in floodplainsareevenmorecontroversialtopicsthan
seepage.Evaporationwouldoccurfroma varietyof surfacessuchas:openwater,drysoil or wet
mudandwouldbecomplicatedby advectedenergy,whichis highin openareaslow insidethe
vegetation.Albedoalsowill varywithdegreeof wetness,burningof vegetationandotherfactors.
The ET of papyrushasbeenshowntobe lessthanthatof openwater(Rijks, 1969),possibly
becauseit formsa closedcanopy.On theotherhand,openstandsof anemergentmacrophyte,
e.g.Phragmilessp.will losewateratratesconsiderablein excessof thoseexpectedfromopen
water(Imhof& Burian,1972).
....-1 II./
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Isolatedor relict #Papyrus .
Limitof distribution
of Phoenixpalm..... '..
~ajor rivers or L::rNe~beds .
Approximatelimitof (-\
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Figure10. Distributionof papyrusandphoenixpalmassociationsin theOkavangoDelta
(afterSmith,1976)
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Table3: Annualwaterbalancein severalfloodplains
(datafromWelcommc,1979andThompson,1976)
Precipitation
Ev porationIn utOutputNetLoss
Floodplain
Station(mm)(mm)(mm)(x,l0IO 3%
Niger
B ako,M li112021507.113.8246
Nile (Sudd)
Wau,Sudan01902.701 40
Okavango
M n,Botswana4341 1 80. 695
Water chemistryand nutrient dynamics
Generalizationsaboutwaterchemistryin floodplainsaredifficultto makebecauseof inter-and
intrahabitatcomplexity.The mostoftenmeasuredfloodplainparameteris conductivity(seeTable
2),butmeasurementsareusualIytakeninppen standingwaterandmaynotbea usefulindicatorof
floodplainconditions.Conductivityin themainchannelseemsmostlyinfluencedby: dilutionwith
floodor rainwater;solutioninputfromland;swampsor floodplaindrainage;evaporation;uptake
by thebiota;andabsorptionby sediments.Welcomme(1979)pointedoutthatall of theseeffects
tendtoproducehigherconductivitiesin thedryseasonbothin lagoonsandriverchannelsresulting
in an inverserelationshipbetweenwaterdepthandconductivityin African rivers. A secondary
conductivitymaximumdueto solutioninputoccurswhentheriverwaterinvadesthefloodplain.
The conductivityrise is usuallyaccompaniedby a pH dropduetoacidswampwaterinput The
Nigercentraldeltais anexceptionwithapH risewhichremainsunexplained.The conductivity
riseandpH decreaseis alsoaccompaniedby adecreasein dissolvedoxygenwhich is typicalduring
stagnantswampor floodplainconditions.Duringdryseasonsstandingwaterin floodplains
becomesstagnant,andthisstagnationis stronglystratifiedduetoa lackof strongwind effectsand
intenseinsolation.Suddenreductionsinair temperatureassociationwitha cold frontor a strong
wind stormcanbreakdownthisstratification.This resultsin anupwellingor "overturn"whichcan
raisetheoxygendeficitandcausechemicalIyreducedbottomwaters,andfishkills oftenresult
(We1comme,1979).Overturnsandfishkills canalsobecausedduringtheentryof riverfloodwa-
terat thebeginningof thefloodseason.This is anindicationof howstronglyreducedthebottom
watercanbein floodplains.
Onewayof lookingatchangesin waterchemistryin a floodplainis tocomparetheinputto the
outputandassumeall netchangescanbeascribedto theoverallsystem,thatis,by usinga "black
box" approach.In floodplainsor otherlargewetlandsthisapproachis takenmoreoutof futility
thananythingelse. For example,longitudinaltransectsof waterchemistryweredoneby TaIling
(1957)andBishai (1962)alonga 1,000kmstretchof theNile riverwhereit passesthroughthe
SuddregionalongtheBahrel Jabel. In thissectionof therivertheresultsof bothTailing and
Bishaishowthatconductivity,alkalinity,<;alciumandchloridelevelswereerraticanddid not
follow anydistinctpattern.This agreeswitha studyby Gaudet(1978)who foundthattropical
swampshadlittleeffecton thesalinityof thethrough-flow,aslongasthewaterpassedfreely
throughthesystem.BothTalling andBishaidid findsomeeffectson waterchemistryalongthe
I,OOOkmstretchof theNile in thatthereweredecreasesin oxygen,sulphateandpH, anda risein
carbondioxide,silicate,ammoniaandironin theriver. Many of thesechangescouldbeexplained
on thebasisof decompositioneffects,thesortof generaleffectsthataretypicalof miresand
floodplains(Howard-Williams&Gaudet,1985).
A recentstudywascarriedoutin theSuddRegionto determinetheecologicalimpactsof the
Jonglei Canal(Anon, 1983).Partof thestudywasdevotedtodeterminingtheeffectsof theSudd
on thechemistryof thewaterpassingthrough.Becauseof thecomplexityof thesystem,earlier
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resultsasaboveandtheenonnousoverridingeffectof evaporation(a 50%lossof wateroccurs
while it transitstheSudd)it wasassumedthattheeffectsof thewholesystemwouldbeof limited
magnitude.The studythereforeconcentratedononly a smaIlportionof thewholeSudd. Two
pennanentsamplingstationsweresetup,oneatBor, wheretheWhiteNile canbesampledprior to
enteringtheSuddandonedownstreamatDhiam-Dhiamwherea brancho(the mainWhiteNile
river(theAtem)haspassedthrough75kmof floodplainandswamps.The effectsnoted(Table4)
werenotmuchdifferentfromthosenotedin previousstudies.The authorsusedthegeneralmodel
proposedby Gaudet(1979)for EastAfricanwetlandswhichproposesthatthreephasescouldbe
detectedin thepapyrusswampson thenorthernedgeof LakeNaivashain Kenya,thatis: stagna-
tion,through-flowanddrying. ApparentlytheSuddregionbelowBor followsa remarkablysimilar
patternto theLake Naivashasystem.This evenincludesa roughcorrespondenceof annualcycles.
Theresultsof theSuddstudyshowanoveralldeclinein oxygenandpH, with increasesin dis-
solvedcarbondioxide. A decreasealsooccurredin nitrate,phosphateandsulphateasexpected.It
is significantthathighlevelsof dissolvedsiliconwerefoundenteringandleavingthesystem.All
of theseresultsaresimilarto thosefoundby Gaudetworkingon papyrusswampsin Ugandaand
Kenya(Howard-Williams& Gaudet,1985).
Table4: Summaryof theprocessesatwork in theSuddwetlands,andtheoveralleffectson
waterpassingthroughthesystem(basedon Anon, 1983)
Phase III III
Status
StagnationThrough-flowDrying
Season
I LatedryWetLatewet-E rlydry
Waterbalance
ow riveri put,Ea ly pulsesofMinimal i flowwith
Minimal outflow
riverwaterinflowcontin drainage
Proc ssesi operation
D comp sitionandAush g due oSta ti nb g ns
evapotranspiration
influx of riverwater
Waterchemistryincrease,
T rbi i ydecrease,Alk li ity inc e sI Ri i c duct nce
rise in phosphateandiron
colou
Effecton receivingwaters, Very littleoutflow I Early flushof high
Generaloutflowofalkalinity,laterflush
hig c nduc a ce
is moredilute
wa er
The Suddstudyconcluded"theSuddis unlikelytoactasa long-tennnutrienttrap,"because
mostof thenutrientinputsintotheSuddwill betakenupintothe'organicplantfractionandthis
will berecycledwithinthewetlandsor flushedoutintotheriver. However,theSuddwetlandsdo
haveanabilityto takeuplargeamountsof nutrientsona short-tennbasisandthisphenomenonis
importantin thatthewetlandsinvolvedcanactasa buffertopreventlargeflushesof nutrientsfrom
enteringreceivingwaters.
The amountsthatcanbetakenupcanbeestimatedif weassumethatmuchof theswampand
floodplainproductionis turnedintodetritus.This processwouldremovelargeamountsof soluble
nutrientsfromthewaterpassingthroughthesystem,andthisin turnwouldaffectthechemistryof
waterdownstream.A roughestimatebasedon thisassumption(Tabl,e5) showsthattheSuddcould
havelesseffecton majorinorganicionssuchasSodium(Na),Potassium(K), Calcium(Ca),
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Magnesium(Mg) andChloride(CI), thanonnutrientionswhicharepresentatmuchlowerconcen-
trationlevels,suchasNitrogen{N),Phosphorous(P), Sulphur(S) andIron (Fe). thenutrientions
wouldbeevenmorestronglyaffectedthanthisestimatebecausetheywouldbe in greatdemandby
theriverbiota. In theory,theswampsandfloodplainwouldcompletelyremovenutrientionsfrom
theriverandfloodwater. In practice,however,thevegetationin thesehabitatsprobablytakesup
muchof itsPhosphorous(P), Sulphur(S) andIron (Fe) fromlocalfloodplainsoilsandthelarge
nitrogendemandis probablymetby Nitrogen-fixation,a processthathasbeensuggestedby other
authorstobea commonfeatureof wetlands(Bristow,1974).All of thenutrientsso trappedin
organicmatterwill bereleasedlaterif andwhentheorganicmatteris degradeddownstream.
Table5: Potentialeffectof onepartof theSuddon thechemistryof Nile riverwater
Element
Rateof r m valbyVegetation2Removalby fr m
detritus1 (g/m2)
(tonnesx 1(3)riv r3(tonnesx 1()3)
N
67.8367
P
2 6161
S
31 73146
Fe
3942
Na
8530
K
5 238
CMg
55
I
0 01 2
I Basedon Gaudet(1978,1979)
2 Assuminganimmediatelow waterareaof 10,000km2
3 Concentrationof Nile aboveSuddregion,basedonTailing (1957),Bishai (1962),and
Kilham (1972). Al~oassumesa dischargeof 23 x 10'm3(Rzoska,1976)
Table6: Effectof droughtconditionson waterchemistryandphytoplanktonin a seasonally
inundatedpartof theOkavangoDelta(datafromReavell,1979)basedon 13-37samples
Totaldischarge
fromdelta
TotalPTotalNempSur ace02Phyto lankton
Date
( 3rl)(g1-1)(a)(g (b)C(mgl-I)c lls1-1
iii/1972
-28.2
vi/1972
6042517.76.9
viii-ix,lI972
9.329560421.4.3
ii- i/1973
0179 24 55 , 38
v/1973
2 2, 7 .27683 6
ix-x,l1973
3 4886-41,1 3
x i/1973
0 361 889
ii- ii/1974
4 04.8 5
v -viii/1974
1.1604 2
(a)Sol. react.P plusorg.P
(b)Totaldissolvedinorganiconly
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Internalrecyclingmayalsobepossiblebecauseof thelargeamountsof nutrientmaterial
trappedwithin floodplains. In manyfloodplainsevaporationleadstoanincreasein concentration
of salts. This is obviousduringdroughts,suchasthedramaticdroughtin theOkavangodeltain
1973.At thistimeevaporativelosswasnotbalancedby localraininput,andReavell(1979)noted
thatasthefloodplainandswampwatercontractedin todiscontinuouspoolstherewasan increase
in totaldissolvedsolidsfrom83to223mg-I•Suchwater,whentrappedduringdryweatherinside
thefloodplains,becomesa concentratedsourceof nutrients.This, alongwith thecreationof still-
waterconditions,leadstoanexcellentgrowthenvironmentfor hypereutrophicalgalspecies.
Reavell(1979)documentedthiscyclein theOkavangodelta(Table6),andsimilareventsarealso
knownelsewherein Africa. In theChadbasinwhentheChariandLogoneriversoverflowtheir
banIcsandrapidlyflood theYaeresfloodplain,thesamenutrientflushis seen(Beadle,1974).At
thattime,thedriedorganicandmineralmatter,alongwith ashesfrombushfifesanddroppings
fromanimalherdswhichpreviouslyinhabitedthedryriverbeds,beginstodecomposeandto
dissolve. Within a few daysanexplosivegrowthof phytoplanktonoccurs,followedby a
zooplanktonbloomandlaterby growthof macrophytes.In thisfloodplain,grassesandemergents
(polygonaceaeandAlismataceae)occurin shallowwater,while thegeneraPistia,Nymphaea,
Stra/iotesandUtricu/ariaoccurin thedeeperportions.The floodslatersubsideandleavegreat
numbersof fish strandedwithinthevegetation-chokedwater.Laterstill theareabeginstodry
downagainandis thenaccessiblefor dry seasonanimalgrazinguntil thenextflood,whenthis
"instanteutrophication",or nutrientbuildup,will againoccur(Beadle,1974).
Productivity
Productionandbiomass
Floodplainsaredominatedby herbaceousmonocotyledons,themostpredominantgenerabeingthe
tropicalwetlandgrasses,Sporobolus.Echinochloa,Oryza.Vossia,Phragmites.Paspalum,
Miscanthidium,andPanicum. Sedges,especiallyCyperuspapyrusandBulrush(Typhasp.)are
alsocommonin thedeeperfloodplainwater.
Amongthesegenera,themostwell-studiedarepapyrusandbulrush.Net productionrates
determinedfor thesetwoexamplesareveryhigh. Papyrusnetproductionona sustainedbasisis
48-143tonnes(dw) ha·1y.1(ThompsonetaI., 1979).For comparison,it shouldbenotedthatmaize
or sugarcaneproductioncanalsobesustainedatthisrate,butonly underheavyapplicationsof
artificialfertilizer. Papyrusmaintainsitshighrateof productionundernatural,low nutrient
conditions.Typhadomingensisin theLakeChilwa swampsaverages16tonnesha·1y.l(Howard-
Williams & Lenton,1975).NetproductionratesforPhragmitesaustra/ishavebeenpredictedat
58tonnesha·1y'lif growingundertropicalconditions(ThompsonetaI., 1979).Tropicalwetland
grasses(Paspalumrepens)areknowntoattain12-16tonnesha·1y.1(Junk, 1970),while theesti-
matednetproductionof seasonally-floodedgrasslandswouldbeabout10-20tonnesha"y"
(Thompson,1976).
In additionto thedominantemergents,thereis commonlya mixtureof submergedandfloating
macrophytesattheriverchanneledgeandin openareasof standingwater. Indeed,poolsand
lagoonsalongtheNile andZaireRivers,andtheirattendantfloodplainsmaybecompletelycovered
withPistia stratiotesand/orEichorniacrassipesduringstagnantwaterconditionsin thedryseason.
E. crassipesaloneis capableof 11-33tonnesha·1y.l(Westlake,1975).Overall,mostAfrican
floodplainsshouldbecapableof a sustainednetproductionapproaching20tonnesha·1y.l.On a
continent-widebasisthiswouldroughlyamounttoanannualnetproductionof 0.8x 1(P tonnes
usingtheareaestimatedatlow water.For comparison,thetotalannualnetproductionof tropical
grasslandsona worldwidebasiswouldbebetween4 and30x 109tonnes(Lieth, 1972)
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The highrateof productionin floodplainsis certainlya factorin theoverallproductivityof
theseareas,especiallyin Africa wheretheysupportlargenumbersof domesticandwild animals,
e.g.lechwe(Kobus)in theKafueRiver floodplains(Werger&Ellenbroek,1980). Anotherfactor
hereis thequalityof floodplaingrasses.Van Rensberg(1971)foundtheKafue flatsfloodplain
grasseswere"grassesof highfodderquality,containingarelativelyhighcontentof crudeprotein.
Theyarealsohighlypalatable,evenwhendry." In contrast.grassspeciesfromnon-floodedareas
losetheirpalatabilityon drying. Thusevenin regionsof similargrassproduction,thefloodplain
specieswill alwaysbemoreattractivetoherbivores.
Vegetation
Floodplain species
Thegeneralvegetationof floodplainsincludesa largerangeof life fonns.Within standingwater
bodies,poolsandriversinsidethefloodplainwecanfind typicalhydrophyteassociations(obligate
water-plants).At theotherextremearetheterrestrialplantsthatcantoleratea degreeof flooding.
The majorityof thespeciesthatoccurareemergentamphibiousplants.Theirhabitrangesfrom
herbaceoustowoody,buttheymoreoftenthannotareemergentrhizomatousmonocotyledons,
predominantlygrassesandsedges.Theyfall within themainclassesof speciesfor African
wetlandsestablishedby Thompson (1985). Among the major wetlandtypes listed,(Table7)
wearedealingherewith theseasonaltypes(sectionlI(a) (2)
A goodstartingpointfor thestudyof a typicalfloodplainflorais thepartiallist fromLebrun's
work in 1947(Table8).We seein thislist apredominanceof rhizomatousemergents(15outof the
18species).Many of thespeciesmentionedarealsocommontoperennialswamps.Thus,bulrush
(Typhasp.)andpapyrus(c.papyrus)existwithinthefloodplainsof largeinternaldeltas.In
additionto thesetypicalspecies,it wouldalsobeappropriateto list severalfloatingSuddspecies
whicharecommonto floatingmeadows,or floatingislands.suchasVossiacuspidata,Saccolepis
interrupta,Echinochloascabra(=E. stagnina),OryzalongistaminatandJardinea congoensis.
Thesecanoftenbeseeninsidefloodplainsduringhighwater.
Major floodplain associations
The easiestwayof describingfloodplainassociationshasbeentheuseof profilesdrawntoscale,
transectingthemajorchannelsor riversconcerned.The largerfloodplains,however,defydescrip-
tionusingsuchmethods.Theyoftenaresimplytracedfromsatelliteimagery.Theresultis thatwe
areleft todaywith verygeneraldescriptionsof African floodplainswhichoftencoverlargegeo-
graphicareas.A casein pointarethediagramsshownin Vesey-Fitzgerald(1973)(Fig. 11).He
outlinedseveralfloodplainscommontothevalleygrasslandsalongtheKafueRiver. In theupper
partof theriver,valleygrasslandsdrainfreelytoallowagradualdryinganda distioctassociation
develops(Fig. 11a).However,therearemanyareasespeciallyin theKafue flatswheredrainageis
impededbecauseof silt deposition(Fig. 11b). Here,in additionto thevalleygrasslandsthe
floodplainsupportsassociationsdominatedbyE. pyramidalis,E. haploclada,andV. cuspidataand
closerto themainstreamalongtheleveesonefindsE. scabra.
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Table7: Mainclassesofplantspecies,andcommunitiesinAfricanwetlands(Thompson1985)
1. MAJOR CLASSES OF SPECIES
A. Monocotyledons
1. Graminae
a.Largewetlandgrasses
b.Smallwetlandgrasses
2.Otherherbaceousgenera
3.Woody'genera
B. Dicotyledons
1. Herbaceous
2. Woody
C. Gymnosperms
D. Pteridophytes
E. Bryophytes
II. MAJOR WETI.AND TYPES
A. Freshwaterherbaceouswetlands
I. Permanent
a. Reedswamps
b. Bogfenandmoorland
2. Seasonal
a. Blackclays,pansanddambos
b. Floodplainsandvalleygrasslands
c. Alkalinegrasslands
B. Freshwaterswampforests
1. Permanent
2. Seasonal
a. Floodplainforests
b. Riverineandgalleryforests
III.MAJOR WETI.AND PLANT COMMUNITIES
A. Suddcommunities
B.Reedcommunities
1. Vossiaswamps
2. Cyperuswamps
3. Miscanlhidiumswamps
4. C/adium,PhragmilesandTyphareedswamps
C. Edaphicgrasslands
1. Hydroseres
2. Secondarygrasslands
3. Blackclay,pananddambocommunities
4. Alkalinegrasslandsandswamps
D. Edaphicforests
1. Permanentswampforest
2. Seasonalswampforest
3. Riverineandgalleryforestsecondaryforests
E. Montanewetlands
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Table8: Speciescommonto floodedregionsin CentralAfrica (afterLebrun 1947)
SEDGES:
CyperuspapyrusL.
C. haspanL.
C.articulatusL.
C. divesDel
PycreusmundtiiNees.
GRASSES:
LeersiahexandraSwartz
PhragmitesmauritianusKunth.
Echinochloapyramidalis(Lam.)Hitch.&Chase
E. scabra(Retz)Beauv.(=E. stagnina)
Vossiacuspidata(Roxb.)Griff.
OryzalongistaminataA. Chev.&Roehr
Paspalidiumgeminatum(Forssk.)Stapf
SporobolusrobustusKunth.
BULRUSH:
TyphaaustralisSchum.&11lOnn.
HERBS & SHRUBS:
Aeschynomenelaphroxylon(Guill. &Perrot)Taub
MimosaasperataL.
Plucheaovalis(pers.)DC.
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The typicaloccurrenceof V. cuspidataandE. scabracloseto themainstreamor in deep-
floodinghabitatswill bediscussedbelowin relationtotheSuddregion.But first, it wouldbeof
interestoconsiderthemostcommonsuccessionaltypes,hydroseres,withinthefloodplains.
Thompson(1985)haspointedoutthatin thesavannaregionsof Africa, themostcommon
hydrosereis Vossia-Oryza-Hyparrhenia.He notedthatthissequencefromanaquaticemergent
grasstoa typicalsavannaterrestrialtypeoccursin theSudan,theKafueFlats,theBangweulu
floodplainandgenerallythroughoutheWestAfricanriversystems.The relativeproportionof
eachcomponentwithin thehydroserevariesfromsiteto site,e.g.,Vossiapredominatesin the
fringingwetlandsof theZaireriver,Oryzasp.dominatesin theKafueFlats,E. scabrais most
importantin theinlanddeltaof theNigerRiver (Mali), andE. pyramidalisdominatesin manyof
theCentralAfrican valleyfloodplains.
Thompson(1985)alsomadethepointthatthereis muchvariationwithineachlocality.Many
othergrassspeciesareusuallyfoundatanyonesite.A goodexampleis shownin Fig. 12,where
twoZambianfloodplains are compared.We see here that in additionto theinevitableVossia
andE. scabra,thereis a wholerangeof grassspecieswithineachfloodplain.Unfortunately,in
sucha diagramthereis atendencytocompressthespeciessothatthemosaicpatternis notevident.
In realitythemosaicor patchworkpatternis obviousandquiteimportant.In themosaicwe can
oftenseelargedifferencesin thedistributionof non-dominant,minorspecies.Thompsonpointed
outthatcertainnon-dominantfloodplaingrassesshowgreatdiversity,inhabitinga numberof
importantniches.For example,Cynodondactyloncanexistasanunderstorygrasswithina com-
munitydominatedby E. pyramidalis.eitherasanassociateof water-meadowgrasses,asa sward-
formerin itsown right,or asa memberof themarginalcommunityin a floodplaingra<;smosaic.
Differencesin speciescompositionor dominancewill alsoberelatedto localdifferencesin soil
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typeandfloodingconditions.Regardingsoil types,Reizer(1974)showeda cleardifferencein
floodplainspeciesalongtheSenegalRiver wheretherewerelargedifferencesin soil types
(Fig. I, 3A, B, andC).
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Figw-e11. A. Diagramof a sectiondownslopeintoa valleywith freedrainageanddistinct
leveesoneithersideof themainchannel
B. Diagramof thegradualchangealonga slopewith impededdrainage.Both
sectionsin centralEastAfrica (afterVesey-Fitzgerald,1973)
KAFUE FLOODPLAIN
Extendedfloodingsuson.
consistentlow·waterlevel
CHAHBESHI FLOODPLAIN
Relativelybrief floodingseason,YII',abl low·waterlevel
Figw-e12. Compositeof two Zambianfloodplains. Each site had different flooding
regimesanddifferentsoil typesbutextensivegrassassociationsoccurin bothcases
(afterThompson,1985,fromAstle, 1965andVan Rensberg,1968)
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Speciesdistribution
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Fig. 13.
Certainlargeobviousspecieswithinfloodplainshavebeenstudiedbecauseof theirvalueasindicator
plants.Smith(1976)in a studyof theOkavangoDeltausedbothpapyrusandaphoenixpalmas
indicators.Becauseof thedifferencein ratesof colonizationbetweenthetwospeciestheirlimitsof
distribution(seeFig. 10)atdifferentperiodsof timeindicatedchangesin permanenthighwatertables.
Otherindicatorplantsin floodplainswhichareoftencited,arethesalt-tolerantspeciesthatfavour
alkalinesalinefloodplains.In WestAfricanprofiles,forexample.Reizer(1974)describeda
Phragmites-Sporobolus-Tamarixassociationwhichwasclearlyindicativeof salineconditions.In
fact,Sporobolusis oftencitedasthemostadaptablegenusin Africanalkalinesalinefloodplains
(Thompson1985).In CentralandEastAfricanfloodplainsanotherusefulindicatorof salinehabitatsis
Cyperuslaevigatus.This is clearlyseenin theprofiletakenbyLebrun(1947)acrossa smallriver
emergingfroma salinespring(Fig. 13).
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TransecthroughtheSenegalRiverfloodplain(afterReizer1974),whereE. scabracanbe
foundalongleveesin secondarychannelsin associationwithasmalltree,Acacianilotica.
A comparisonof listsof speciesfromdifferentAfrican floodplainscanbeseenin Thompson
(1985).His considerationof severallistsfromdiverseregionswithinAfrica showsa certain
commontrendin thecontinentalfloodplainflora.This is expectedbecauseof thewidedistribution
of manyfreshwatermacrophytes.Specieslistsand/orgeneraldescriptionsof floodplainvegetation
canbefoundin thereferencescitedin Table9. Heresomedistinctionis madebetweenmajor
floodplainsassociatedwith largeriversandthosepresenton smallerriversandlakes.
Thedistributionof sometreespeciesin floodplainsis correlatedwithanimalactivity. Feely
(1965)foundthatthehippopotamus(HippopotamusamphibiusL.) influencestheestablishmentof
AcaciaaIbida(Del.)alongtheLuangaandZambezirivervalleysinZambia.Theseanimalsalong
withotherwildlife eagerlyseekoutthefoliageandripepodsofA. aIbida. The seedis dispersedand
germinationenhancedbypassagethroughtheirdigestivesystem.As a resultof hippopotamustravel
insidefloodplains,theyoungtreesareregularlyassociatedwithnewlydepositedsilt alongtheriver
meanders.Feelyconsidersthisspeciesa pioneeronthelevees.Itsrootstoleratesubmergencefor
severalweeksor a fewmonths,butthefoliagemuststayabovethefloodwaterfor theyoungtreesto
survive.This is possiblebecauseof itsfastgrowthrateduringinitialcolonization(1.05my-I).
Somework hasbeendoneondifferentiationof specieswithinthecomplexmosaictypicalof
floodplains.The workof Sutcliffe(1976)standsasa landmarkin thisrespect.Within theSudd
regionon theWhiteNile in theregionsouthof Bor (Fig. 14)hedifferentiatedthefollowing
communities:
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a) grasslanddominatedbyPhragmitesmauritianus,containingEchinoch/oapyramidalisand
Oryzalongistaminata;
b) grasslandcomposedof varyingportionsof E. pyramidalisandE. scabra
c) semi-permanentswampwithE. scabraandVossiacuspidata
d) permanentpapyrusswamp,and
e) openwater.
Eachof thesecommunitiesgradedintooneanotheralongtheriver,buta fairlypronounced
boundarywasevidentbetween"shallow-flooded"species(P. mauritianus.E. pyramidalis and
O. longistaminata)and"deep-flooded"species(C. papyrus,V. cuspidata,andE. scabra). Off the
mainriversin basins,theupstreamregionsupportedtheshallow-floodedspecies,while thedown-
streamendof thebasincontainedthedeep-floodedspecies.Sutcliffe(1976)alsocalculatedthe
percentplantcoveralong16transects(Fig. 14)atdifferentverticalheights,thelevelof the
substrateabovemeandatum.He founda correlationbetweenheightandpercentcoverfor shallow-
floodedspecies.HerePhragmitesoccupiedthehighestlevelwhileE. pyramidalisandOryzasp.
werepresentat lowerlevels. Deep-floodedspecies,ontheotherhand.showednoevidentcorrela-
tionbetweenlevelandcover. But in thedeep-floodedcommunitiesthespeciescomposition
dependedonpositionratherthanlevel,e.g.atthelower,wetterlevelsE. scabrawaswidespreadin
thefloodplains,while Vossiasp.andPapyruspreferredsitesneartherivers,withpapyrusnearthe
lowerendof eachbasin.
Table9: Referenceson floodplainvegetationassociatedwithAfrican waterbodies
(seealsotheannotatedbibliographyin Thompson.etaI., 1985)
CountryAuthor
1.
MAJOR fLOODPLAINS
ON MAJOR RNERS
White Nile
SudanEI Hadidi (1976),Anon (1983)
Niger
NigeriaCook (1968)
Okavango
BotswanaSmith ( 76)
Zaire
Zaire& C. Afr Republicchmitz(1971),Germain(1952)
mbezi
Zi babweMuller Pope(1982)
Volta
GhanLawson ( 63)
Sen gal
Sen g lReiz (1974)
K fue
ambiD t ite& Va Lavieren (1977),
Van Rensberg(1971)II.
ornE A..oo I
A. Smaller rivers
Ruzizi
ireG r n( 52)
Po gola.Tugela,
uthAf icasil t . (1983),
B r & Tusk i
Harrison(1964),Oliff (1959),Allanson (1961)
B.
Man-made lakes
L ke Kainji
hachu 1979
L k Volta
H ll etal. 1
e K riba
,ZambiB ker( 7 ),Magadza( 0)
N sser-Nubia
Egypt,Sudan
C boraBass
MozambiquJack D vies(1976)
Lake yumba-ya-Mungu
T z niaWe & D nny(1978)
C. Naturallakes
Lake Naivasha
LakeSibaya
Lake Chad
Lake Kivu
LakesMobutu & Edward
Lake Chilwa
Lake George
Lake Bangweulu
Lake Victoria
Kenya
SouthAfrica
Chad
Rwanda,Zaire
Uganda,Zaire
Malawi
Uganda
Zambia
Uganda,Kenya,Tanzania
Gaudet(1977)
Howard-Williams (1980)
Leonard(1969),lItis & Lemoalle(1979)
Van derBen (1959)
Van derBen (1959)
Howard-Williams& Walker (1974)
Lock (1973)
Verboom(1975)
Lind & Morrison (1974)
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Sutcliffe(1957)alsoexaminedthedistinct
boundarywhichexistsbetweentheshallow-
anddeep-floodedcommunities.He foundthat
thedistanceof theboundaryfromtheriver
edgesvariedconsiderablybutfollowedthe
water-slopeveryclosely.The water-slope
dependedon: (a)themaximumdepthof
flooding;(b) theperiodof flooding:and(c)
thewater-table,whichin turnis dependenton
theriverlevel. He ruledoutwater-tableasa
water-slopefactoraffectingplantdistribution,
becausetheboundarybetweenthecommuni-
tiesis quitedistinct.If water-tablewere
involvedtherewouldbelittleor nodifference
in thelevelatwhicheachcommunityoccurs,
andthusnoclearboundarywouldexist.Also
hefoundtheperiodof floodingwasnot
correlatedwith theboundaryof thesecom-
munitiesbecausethewatersurfaceduringthe
periodof hissurvey(10April- 3 May 1952)
did notcoincidewith thetopographyof the
boundary.The maximumdepthof flooding,
on theotherhand,wasparallelto thebound-
aryandappearstobethemajorfactor
determiningthisboundarybetweenshallow-
anddeep-floodedcommunities.His levelling
dataindicatedthatsiteswheretheannual
depthof floodingdoesnotexceed130cm for
10days,or 118cm for 30daysareidealfor
shallow-floodedcommunities.Conversely,
sitesfloodingin excessof 130cmwill only
supportdeep-floodedcommunities.
Within the shallow-floodedcommunities
320000I henotedthattheproportionof Phragmites
increasedgoingawayfromtherivers.In most
Figure 14. Floodplainon theWhiteNile from casesthedistributionof Phragmitesdepended
Bor toJuba showing16transects, onthedepthof availablewaterespecially
A-P. This regionis southof that duringthedryseason.This in turndependson
shownin Figure4. theperiodof flooding,thusPhragmites
occupiessiteswhicharefloodedfor shortperiodsanddryouttoa greaterdepth.In deep-flooded
species,distributionis morecomplexasit is notrelatedtosubstratelevel.VossiaandE. scabraare
foundin quietwater.Becausepapyruswasfoundbothaboveandbelowtheminimumlevelsof
flooding,Sutcliffe(1957)concludedthatitsdistributionwasnotasdependentondepthor duration
of floodingastheothertwodeep-floodedspecies.He foundthatpapyruswasrestrictedtosites
wherethedepthof flooding(thedifferencebetweenminimumandmaximumwaterlevelduring
flood) is lessthan150cm.Greaterlevelscanbetoleratedby theotherdeep-floodedspeciessuchas
Vossiauntila rangeof 3 m is reachedatwhichpointopenwaterprevails.The abilityof Vossiato
dominatedeep-floodingsites,i.e.,hydrologicallyunstableenvironments,wasconfirmedby
Thompson(1985)whopointedoutthatit is reportedfromdeep-floodingareasin Sudan,Chad,
WestAfrican andEastAfrican rivers,ZaireandZambia.
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Table 10:Comparisonof twofloodplains(basedonThompson'sUNDP review,1974).
1.
Floodplain: WhiteNile SuddregionOkavangoDelta,
2.
Local name: Toiche M lapo
3
i gand 4-5 monthlagpea)crai f ll in5 monthlag
localclimate:
Ugandaandmaximu flo dingbetweenpeakr infall in
in toiche.Maximumprecipitation
Ang la a maximum
regioncoincideswithpeak
floodingi ol po.Maximum
floodsa dlow PE.
preci it tionoccursduring
low waterandpeakPE.
4
l n sequence:Floodingcause by w terFl odi causedby overtopping
lev l in mainchannelsov rtoppi g
of naturallevees.
naturallevees.
5.
Grassesin V tiveri igritlJ1UlV. nig i lJ1Ul
floodplain:
Sporobo uspyramid lisSp r bo ussp.
Sorghu tl eo/mum
rghumsp.
Paspalu scrobicu/mum
P spalumsp.
e ar aaT/ eps
r s h c /ma
Oryz longista i ata
ryz sp.
L u eti superba
Cymb on erinodes
Digitaria erianJhEchinochloascabra
6.
Wildlife: Many rd an s a le i ala y ird ands ler
itatunga,Le we,crocodileand
s.S t tung ,
h ppop t must ll found.
L chw ,cr c ile nd
hippopotamusevident
7
isheries •• 400
(m tonnesyrl):
8.
andusea 500,000p pl and700,000 ttle12, a d130,000
huma ctivity:
associ withregi .cattlei andarou delta.
C nsiderableuse adeof
N u cr w f resprobably
toi hesfor g azing
m ,bu t rwi urning
promot by bur i g.
is ly c i withi swamp
areasfor be efitof huntersandt uri ts.
Sutcliffe(1957),by a serieslevellingandsurveyingmeasurementswasabl~toexplainthe
distributionof emergentvegetationon thebasisof maximumdepthandrangeof flooding.His
explanationis muchsimplerin conceptandoperationandis moreconsistentwithavai1abledata
thanearlierexplanationsbasedsolelyondepthanddwationof flooding.andthereforeis more
appealingHis generalresultswererecentlyconfmnedby theMefit-Babtiestudyof theSuddregion
(Anon., 1983).
•• Presentlybeingassessed(longtermstudyunderway)
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What is needednowis a moredetailedandexperimentalapproachwhichwill distinguish
betweenfloodplainspeciesusingsomesystembasedon waterrelations.We alsoneedtoknow
moreaboutthesitepreferenceof specificfloodplainspecies,especiallythosefloodplaingrasses
whichwerenotincludedin thisearlywork.
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Figure 15. Summarydiagramof fl0odpiaincycle(modifiedfromWeJcomme,1979)
CONCLUSIONS
Floodplains under normal conditions
The mostimpressiveaspectof floodplainsundernormalconditionsis theintegrationof physical
andbiologicalcomponentswithinthesystem.Welcomme(1979)commentedon thisintegration:
"The traditionalintegrationsof biologicalandhumanactivitieswhichmakeuptheecologyof the
floodplainrivercanonly work if thereis a communityof micro-organisms.plantsandanimals
whichareadaptedtotheparticularfrequencyof theenvironmentaleventwhichis fluctuating-in
thiscasetheflood."
Along largeAfrican floodplainstheseasonalprogressionof eventsis similar.Thus, two
examplesnorthandsouthof TheEquator,The WhiteNile Sudd(Figs.4 & 14)andtheOkavango
delta(Fig. 10),althoughseparatedby 23-29degreesof latitudefollow similarcycles(Table 10).
Firesoccurin bothandresultin a fastrecycleof ashnutrientsbutin a lossof volatilenutrientssuch
asNitrogenandSulphur.The annualcycleshowndiagrammaticallyin Figure15reflectsa very
productivesystemthatis undera seriesof complexcontrolmechanisms.However,becauseof their
highrateof naturalproduction,floodplainsareattractivetodevelopersandin manyplacesin
Africa..floodplainsarebeingbroughtundermanagement.
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Floodplainsundermanagement
Welcomme( 1979)givesmanyexampleswherewaterregulation,especiallyfloodcontrol,has
allowedproductiveirrigationandfish farmingto lakeplacewithin floodplains.This is especially
truein WestAfrica. In theclosingsectionof thispaper,I would like to look notatthesewelI-
knownexamples,butatsomedifferentcases,especiallyamongmajorfloodplainswhichhavebeen
putunderSlTCSsasa resultof riverbasindevelopment.The subsequentresultsprovideuswitha
valuableexperiencefromwhichmanyAfricancountriescanbenefit.
The mostpublicizedexampleof floodplainmanagementin Africa is theenormousscheme
whichwasstartedin thesouthernSudantoconservewaterby canalizationof themainflow
throughtheSuddregionon theWhiteNile. At presentheschemehasbeenhaltedduetopolitical
disturbancesin thesouthof thecountry.
However, anecologicalimpactassessmentwascompleted(Anon. 1983),andthisoutlinedthe
majoreffectstobeexpectedoncompletionof thecanal.The basicoptionsfor managementin this
casewill reston futuredischargelevelsin theWhiteNile itself.The canalcanbeoperatedeitherat
highdischargelevelssuchashaveoccurredsince1961or at lowerdischargelevelssuchasoc-
curredprior to1961.Examplesof bothcasesareshownin Fig. 16,andtheresultingdecreasein
swampandfloodplainareais shownin Table 11.Underthebestpossibleconditions,thatis with
riverdischargelevelsremainingashighastheyarenow (in the1980's-90's),theeffectswouldbe
as follows:
1.The smalllakeswithinthepermanentwetlandswill becomeshalIowerandsusceptibleto
encroachmentby vegetation.Theselakesin thesouthernareaof theSuddwill still remainperma-
nent,howeverin theeasternareamanywill shrinkin sizeandmanywill disappear;
2 Becauseof thedecreasein turbidityof incomingwaterandthelowerwaterdepthsthatwilI
occur,thegrowthof submergedvegetationwill beencouragedalongthebanksandon thebedof
theriversflowing throughtheregion.This will increasetheretentionof nutrients,butit will also
encouragethegrowthof floatingaquaticvegetation,suchaswaterhyacinth(E. crassipes)and
Vossiagrass(V. cuspidara);
3.The aquaticgrassVossiawill increaseconsiderablybecauseof its tolerancetodeep-flooding
sites.It will overgrowopenwaterin thoseareassubjectto fallingwaterlevels.This will create
blockagesin themainchannelsof theSudd.Suchblockagesdo notoccuratpresentbecause
steamertraffickeepsthechannelsopen.With thediversionof thistrafficintothecanaltheblock-
agesby Vossiawouldbesignificant;
4. The areacoveredby PapyrusandTyphawouldbereducedbecauseof contractionin their
habitats.butasthesepermanentswamptypesrecede,theirplacewill belakenby Oryza.The
seasonally-floodedgrasslandswill alsorelTeatandtheirplacewilI belakenby grassesbelongingto
thegeneraSporobolusandHyparrhenia;
5. Therewouldbeliule effecton presentdayfishinggroundsandfishstocks,becauseatpresent
theseareverymuchunderutilized.With theincreasedgrowthof floatingvegetation,channel
blockagewill occurandthiswill causeinterferencein theaccessof bargesto thefish collecting
centres.It will alsocauseinterferenceto theaccessof canoesintosomeof thefishinggrounds.
Theseeffectscanbemitigatedasthefishingresourceswill still bemorethanadequate.The canal
mayevenimprovefishingeffortbecauseof theincreasedcommunicationandtraveltomarkets
outsidetheaffectedregion.
All of theseeffectsmaybecomemoreadverseif theeffectof thecanalis coupledwitha fall in
riverdischarge.If dischargelevelsdecreaseto thoseobservedprior to 1961,thefloodplainarea
will besoreduced(Fig. 16D)thatmanyof thefloodplainlakeswouldbelostandthusfish
populationswoulddecline.In thatcasesignificantsocio-economicproblemswouldcertainlyarise.
Anothercasein Africa is thatof theKafue flats(Fig. 17).Prior to theconstructionof theKafuc
Gorgedam,theKafue flatsshowedaclassicfloodplainprofile(Fig. 17)andfunction.Theyhada
gentleslopeprogressingfromwesttoeastwitha lossof only 6 melevationover 193kID.The soils
in theflatsareimperviousclays.The Kafueriverchannelmeandersovertheflatsanddividesinto
occasionalbranches.
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a) Swampandfloodplainasof 1980
b) Canaloperationif highriverdischargelevel
weremaintained
d) Canaloperationif riverreturnedtopre1961
c) Swampandfloodplainasit existedin 1952 discharges
~Swamp lliTIillRiver floodedgrassland 0 All othervegetationtypes
Figure16. Comparisonof swampandfloodplainduringhighwaterconditionson theNile in 1980
andlow waterconditions(1953).The projectedeffectsof theJonglai Canalareshown
(afterAnon, 1983).
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Table II: Estimatedeffectsof theJonglei Canalonareasof floodingin theSuddregion
(afterAnon. 1983).Whenin operationthecanalwill divert20million m3 perday.
DatafromMefit-Babtiestudy(1983)
areaof
swamp
decreasefloodplain
Jan2
%km2
No canal,estimatedareasin 1980
16,357-15,476
Operationalcanal,riverremainsat
highdischargelevel
2 2 125.113,239
turnsto
pre-1961dischargeevel
3,68877.5,624 areaof
decrease
%
14.5
50.7
The mainriver is borderedby naturaleveessothatwhentheriveris runningfull, thewaterin
thechannelmaybea metrehigherthanthesurroundingland.Eventualovertoppingof levees,
flooding,subsequentnaturaldrainageanddryingcompletedtheannualcycle(White,1973).
TheaquaticvegetationatKafue flatsis foundwithinfive generalcommunities:
a) openwaterbodiesupto8mdeep;
b) lagoonsandriveredgesfloodingto4-6 m supportinganassociationof V. cuspidata.
E. pyramidalis.E. scabra.LeersiahexandraandC. papyrus;
c) floodedgrassland,1.5-6mdepthdominatedby O. longistaminata.
d) shallowfloodedgrasslandandleveeswithfloodingdepthsof 0.25-25cm.Heretussock
floodplaingrassesoccursuchasVetivarianigritanaandSetariaavettae;andfinally
e) floodplainmarginalregionssupportinga grasscoverof Hyparrheniarufa.Panicurn
coloraturn.V. nigritanaand Setariasphacelata.
Two damswereplannedin ordertoachievecontrolovertheKafueriver(Fig. 17).The first,
KafueGorgedamwoulddamtheriverbelowtheflatsandwouldimpourldenoughwatertoallow
hydropowerproductionduringthesubsequentfouryearsuntila seconddamcouldbeerected
upstreamabovetheflats(Fig. 17).This dam(theItezhitezhidam)wouldprovideenoughcontrol
overthewholeriverandfloodplainsystemsothatannualflooding-dryingcyclescouldstill be
achievedwithinthefloodplain.However,therewouldbea fouryearperiodbetweenconstruction
of thedams,duringwhichtime2,000kmof floodplainwouldbeinundated.This regiontobe
inundatedsupportedanOryzafloodplaingrassland,wheretheprincipalspeciesnormallyproduced
enoughnewgrowtheachyeartokeeppacewiththerisingflood.The tipsof theleavesandthe
inflorescenceof Oryzamustbemaintainedabovethewaterlevelor it will dieback.White(1973)
predictedthatfouryearsof inundationwoulddistruptthenormalcycleandthatoversucha long
perioddeathanddecompositionof Oryzawouldresult.He alsocautionedthattheopenwater
expansewouldbetakenoverby sudd-formingspecieswith theresultthatthefloodplainspecies
wouldlaterrequirea verylongperiodtobere-established.
White(1973)recommendedthatasmuchof theannualflooding-dryingcycleof thefloodplains
bemaintainedaspossibleoverthe4-yearperiod.Subsequently,thefirstdamwasclosedin 1972
andit wasdecidedtomaintainthefloodplaincyclesasmuchaspossible.However,duringthedry
seasonin 1973theKafueRiver recededtooneof its lowestrecordedlevels.The floodplaindrained
exceptfor largelagoons,andthewholeregionwasburned.Becauseof theexpectedincreasein
demandfor waterfollowingthisdrought,andtheneedtohavea largerstoragefor thesubsequent
year,it wasdecidedtostoremorewater.Thus,followingthe1973-74rains,thestoragelevelwas
allowed to rise 1.2m above normal. As a result 2,200km of the floodplain was flooded
(Magadza,1977).The Oryzagrassdiedoff anda rapidgrowthoccurredof sudd-formingspecies
suchasV. cuspidatain shallowwater,andAeschynomenelaphroxylonin openwater.
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Figure 17. Kafueriverwith thefloodplain,Kafue flats,andsiteof newdams:
1. KafueGorgedam
2. Itezhitezhidam (afterWhite, 1973)
100km,
28
The seconddamwasfinallyclosedin 1977,with theresultthatthefloodedareabecamesmaller
duringthepeakwetseason,butduringthedry seasontheinundatedregionremainedpennanently
flooded(Werger&Ellenbroek,1980).Theseeffectswerenotpredictedby theearlymodelsof the
damoperations(White,1973).In addition,theseconddamdevelopedstructuralfaultsdueto
geologicalactivityandsubsequentlyhadtobedrained.At presentover40%of theoriginalKafue
flatsfloodplainstill remainsinundatedwithlittlehopeof anychangein thefuture.
FurtherdownstreamtheKafueenterstheZambeziwhichthenflows eastto theIndianOcean.
TheZambezi(atthispointthemid-Zambezi)is dammedatCaboraBassain Mozambiqueandat
KaribabetweenZimbabweandZambia.Along a l00km stretchof theriverbetweenthetwodams
theZambezifloodplainlies insidetheManaPoolsGameReserve(Fig. 18).In thisfloodplain(asin
theKafue flats)onetypicallyfindsOryzagrasslandin thedepressionsandA. albidatreesalongthe
levees(Guy, 1977).This floodplainis of greatimportanceto localwildlife duringthedryseason,it
is themaingrazingareaof themid-ZambeziValley (Attwell, 1970).The wholefloodplainregion
wasearlierdramaticallyaffectedby theconstructionandoperationof theKaribadamin 1958.
Sincethattime:
a) lesseramountsof silt havebeendeposited(mostbeingtrappedby thedam);
b) lowerlevelof floodingprevailsresultingin a lackof naturalflooding;and
c) out-of-seasonlow volumefloodsarecommon.
The terrestrialvegetationwithinthereserveis undergoingchangesrelatedto thechangesin
animalmovementwhichin turnarecausedby thechangesin floodplainfunction.In thefloodplain,
eventhoughthereis still inadequateflooding,thereis someevidenceof colonizationbyA. albida
on sandbanksandleveesandregrowthof floodplaingrasses,e.g.OryzaandSetariaspeciesin the
depressions.In otherwords,thefloodplainvegetationis beingre-established.butwith much
difficulty(Attwell, 1970).
It hasrecentlybeenproposedthata thirddambebuiltmid-waybetweenKaribaandCabora
Bassa,atMpataGorge(Fig. 18).This damwouldinundateall of theriverinestandsof A. albUla
andtheOryzagrasslandsmentionedabove.In otherwords,it wouldeliminatethefloodplainin this
partof themid-Zambezi(Muller &Pope1982).
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ZIMBABWE
_._. _Internaticrtal boundary
O -40km
29DE' • 30000
Cabora-bassa
2ndDam260km
Figure 18. Zambezi floodplain downstreamfrom Lake Kariba showing the Mupata Gorge
(afterAtwell, 1970)
The questionnowarisesof whetheror notanyof thefloodplainsalongtheKafueandZambezi
riverswill survivesuchdevelopment.Are thereanydevelopmentalternatives?In thecaseof the
Kafue flats,evenif theItezhitezhidamis putbackintooperationandevenif it is operatedin
tandemwith theKafueGorgedam,thefloodplainsmaystill notsurvive.The floodplainhereneeds
anannual,'close-tonormal', flood-drycycle.If thisis tobeachievedthetwodamsmustbeclosely
regulatedin a careful,regularfashionwhichbasedonpastexperience,is obviouslydifficult to
achieve.
In thecaseof themid-Zambezifloodplains,thereis analternativeto theMpatadam,thatis to
utilizeanothersitelocatedin a gorgeon theUpperZambezi,35kmbelowVictoriaFalls.The
reservoircreatedby thisdam(BatokaGorgedam)wouldbeconfinedwithinthedeepgorgeand
wouldhaveminimalimpactonanyexistingfloodplainandonVictoriaFalls. Basedonpast
experience,it wouldseemthatthechoiceof thissitewouldbea muchbetteralternativethanthose
managementschemesthatcouldresultin thecompleteeliminationof a valuablenaturalresource,
theManaPools floodplain.
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